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FOREWORD

The work reported herein was sponsored by the National Aeronautics and Space
Administration (NASA), Marshall Space Flight Center (MSFC) (PM-EP-J), under Program
Element 921E, Project 9194.

The results of the tests presented were obtained by ARO, Inc. (a subsidiary of
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Rockwell Corporation, Rocketdyne Division, manufacturer of the J-2S rocket engine, and
McDonnell Douglas Astronautics Company, manufacturer of the S-IVB stage. The testing
reported herein was conducted between March 10 and May 19, 1970, in Rocket
Development Test Cell (J-4) of the Engine Test Facility (ETF) under ARO Project No.
RN1001 The manuscript was submitted for publication on August 26, 1970.
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ABSTRACT

Fourteen firings of the Rocketdyne J-2S rocket engine (S/N J-115) were conducted
during test periods J4-1001-16 through -20 between March 10 and May 19, 1970. The
major objectives of these tests were: (1) development of a throttling capability using a
variable-position tapoff valve for thrust control; (2) demonstration of satisfactory
idle-mode operation (both pre- and post-main stage) over a wide range of fuel and
oxidizer pump inlet pressures; (3) determine the suitability of the S-IVB propellant
recirculation system to prefire condition propellants and prechill engine propellant
pumps; and (4) determine steady-state engine performance during main-stage operation.
All major objectives were satisfactorily accomplished.

This document is subject to special export controls and
each transmittal to foreign povernments or foreign
nationals may be made only with prior approval of
NASA-MSFC (PM-EP-J), Huntsville, Alabama 35812.
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SECTION |
INTRODUCTION

Testing of the Rocketdyne J-2S rocket engine using an S-IVB battleship stage has
been in progress at AEDC since December 1968. Reported herein are the results of the
fourteen firings conducted during test periods J4-1001-16 through -20 between March 10
and May 19, 1970 utilizing engine S/N J-115. The major objectives of these tests were:
(1) development of a throttling capability using a variable-position tapoff valve for thrust
control; {2) demonstration of satisfactory idle-mode operation (both pre- and post-main
stage) over a wide range of fuel and oxidizer pump inlet pressures; (3) determine the
suitability of the S-IVB propellant recirculation system to prefire condition propellants
and prechill engine propellant pumps; and (4) determine steady-state engine performance
during main-stage operation.

The firings were accomplished in Rocket Development Test Cell (J-4) (Figs. 1 and 2,
Appendix I) of the Engine Test Facility (ETF). Pressure altitudes for the firings ranged
from 93,000 to 105,000 ft (geometric pressure altitude, Z, Ref. 1) at engine start. Data
collected to accomplish the test objectives are presented herein. The results of the
previous test periods are presented in Ref. 2.

SECTION II
APPARATUS

2.1 TEST ARTICLE

The test article was a J-28 rocket engine (Fig. 3) designed and developed by
Rocketdyne Division of North American Rockwell Corporation. The engine uses liquid
oxygen and liquid hydrogen as propellants and is designed to operate either in idle mode
at a nominal thrust of 5000 Ibf and mixture ratio of 2.5, or at main stage at any
precalibrated thrust level between 230,000 and 265,000 1bf at a mixture ratio of 5.5. The
engine design is capable of transition from idle mode to main-stage operation after a
minimum of 1-sec idle mode; from main stage the engine can either be shut down or
make a transition back to idle-mode operation before shutdown. The engine design also
has a throttling potential to any level between 100 and 20 percent of rated thrust. An
S-IVB battleship stage was used to supply propellants to the engine. A schematic of the
battleship stage is presented in Fig. 4.

Listings of major engine (S/N J-115) components and engine orifices for these test
periods are presented in Tables I and II, respectively (Appendix II). All engine
modifications and component replacements performed during this report period are
presented in Tables III and IV, respectively.

2.1.1 J-2S Rocket Engine

The J-28 rocket engine (Figs. 3 and 5, Refs. 3 and 4) features the following major
components:
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1. Thrust Chamber—The tubular-walled, bellshaped thrust chamber
consists of an 18.6-in.diam combustion chamber with a throat
diameter of 12.192 in., a characteristic length of 35.4, and a divergent
nozzle with an expansion ratio of 39.62. Thrust chamber length (from
the injector flange to the nozzle exit) is 108.6 in. Cooling is
accomplished by the circulation of engine fuel flow downward, from
the fuel manifold through 180 tubes and then upward through 360
tubes to the injector and by film cooling inside the combustion
chamber.

2. Thrust Chamber Injector—The injector is a concentric-orificed
(concentric fuel orifices around the oxidizer post orifices), porous-faced
injector. Fuel and oxidizer injector orifice areas are 19.2 and 5.9 sq in.,
respectively. The porous material, forming the injector face, allows
approximately 3.5 percent of main-stage fuel flow to transpiration cool
the face of the injector. During idle-mode operation, oxidizer is
supplied through a diffuser located in the top of the injector (Fig. 5c)
which disperses the oxidizer to all portions of the injector face. During
main-stage operation, the main oxidizer valve (MOV) is opened and
supplies the main flow of oxidizer to the injector.

3. Augmented Spark Igniter—The augmented spark igniter unit is mounted
on the thrust chamber injector and supplies the initial energy source to
ignite propellants in the main combustion chamber The augmented
spark igniter chamber is an infegral part of the thrust chamber injector.
Fuel and oxidizer are ignited in the combustion area by two spark
plugs.

4. Fuel Turbopump—The fuel turbopump is a one and one-half stage,
centrifugal-flow unit, powered by a direct-drive, two-stage turbine. The
pump is self lubricated and nominally produces, at the
265,000-1bf-thrust rated condition, a head rise of 60,300 ft of liquid
hydrogen at a flow rate of 9750 gpm for a rotor speed of 29,800 rpm.

5. Oxidizer Turbopump-—The oxidizer turbopump is a single-stage,
centrifugal-flow unit, powered by a direct-drive, two-stage turbine. The
pump is self lubricated and nominally produces at the
265,000-bf-thrust rated conditions, a head rise of 3250 ft of liquid
oxygen at a flow rate of 3310 gpm for a rotor speed of 10,500 rpm.

6. Propellant Utilization Valve—The motor-driven propellant utilization
valve is a sleeve-type valve which is mounted on the oxidizer
turbopump and bypasses liquid oxygen from the discharge to the inlet
side of the pump to vary engine mixture ratio.

7. Main Oxidizer Valve—The main oxidizer valve is a pneumatically
actuated, two-stage, butterfly-type valve located in the oxidizer
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high-pressure duct between the turbopump and the injector. The
first-stage actuator positions the main oxidizer valve at the nominal
12deg position to obtain initial main-stage-phase operation; the
second-stage actuator ramps the main oxidizer valve fully open to
accelerate the engine to the main-stage operating level.

. Main Fuel Valve—The main fuel valve is a pneumatically actuated

butterfly-type valve located in the fuel high-pressure duct between the
turbopump and the fuel manifold.

Pneumatic Control Package—The pneumatic control package controls all
pneumatically operated engine valves and purges.

Electrical Control Assembly—The electrical control assembly provides
the electrical logic required for proper sequencing of engine
components during operation. The logic requires a minimum of 1-sec
idle-mode operation before transition to main stage.

Flight Instrumentation Package—The instrumentation package contains
sensors required to monitor critical engine parameters. The package
provides environmental control for the sensors.

Helium Tank—The helium tank has a volume of 4000 cu in. and
provides a helium pressure supply to the engine pneumatic control
system for three complete engine operational cycles.

Thrust Chamber Bypass Valve—The thrust chamber bypass valve is a
pneumatically operated, normally open, butterfly-type valve which
allows fuel to bypass the thrust chamber body during idle-mode
operation.

Idle-Mode Valve—The idle-mode valve is a pneumatically operated,
ball-type valve which supplies liquid oxygen to the idle-mode diffuser
in the thrust chamber oxidizer injector during both idle-mode and
main-stage operation.

Hot Gas Tapoff Valve—The hot gas tapoff valve is a pneumatically
operated, butterfly-type valve which provides control of combustion
chamber gases to drive the propellant turbopumps.

Solid-Propellant Turbine Starter—The solid-propellant turbine starter
provides the initial driving energy (transition to main stage) for the
propellant turbopumps to prime the propellant feed systems and
accelerate the turbopumps to 75 percent of their main-stage operating
level. A three-start capability is provided.
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2.1.2 S-1VB Battleship Stage

The S-IVB battleship stage, which is mechanically configured to simulate the S-IVB
flightweight vehicle, is approximately 22 ft in diameter and 49 ft long and has a
maximum propellant capacity of 43,000 Ibm of liquid hydrogen and ,194,000 1bm of
liquid oxygen. The propellant tanks, fuel above oxidizer, are separated by a common
bulkhead. Propellant prevalves, in the low-pressure ducts (external to the tanks)
interfacing the stage and engine, retain propellants in the stage until being admitted into
the engine to the main propellant valves, and serve as emergency engine shutoff valves.
Vent and relief valve systems are provided for both propellant tanks.

Pressurization of the fuel and oxidizer tanks was accomplished by facility systems
using hydrogen and helium, respectively, as the pressurizing gases. The engine-supplied
gaseous hydrogen and gaseous oxygen for fuel and oxidizer tank pressurization during
flight were routed to the respective facility venting systems.

2.2 TEST CELL

Rocket Development Test Cell (J4), Fig. 2, is a vertically oriented test unit designed
for static testing of liquid-propellant rocket engines and propulsion systems at pressure
altitudes of 100,000 ft. The basic cell construction provides a 1.5-million-Ibf-thrust
capacity. The cell consists of four major components: (1) test capsule, 48 ft in diameter
and 82 ft in height, situated at grade level and containing the test article; (2) spray
chamber, 100 ft in diameter and 250 ft in depth, located directly beneath the test
capsule to provide exhaust gas cooling and dehumidification; (3) coolant water, steam,
nitrogen (gaseous and liquid), hydrogen (gaseous and liquid), liquid-oxygen,
gaseous-helium, and liquid-carbon-dioxide storage and delivery systems for operation of
the cell and test article; and (4) control building, containing test article controls, test cell
controls, and data acquisition equipment. Exhaust machinery is connected with the spray
chamber and maintains a minimum test cell pressure before and after the engine firing
and exhausts the products of combustion from the engine firing. Before a firing, the
facility steam ejector, in series with the exhaust machinery, provides a pressure altitude
of 100,000 ft in the test capsule. A detailed description of the test cell is presented in
Ref. 4.

The battleship stage and the J-25 engine were oriented vertically downward on the
centerline of the diffuser/steam ejector assembly. This assembly consisted of a diffuser
duct (20 ft in diameter by 150 ft in length), a centerbody steam ejector within the
diffuser duct, a diffuser insert (13.5 ft in diameter by 30 ft in length) at the inlet to the
diffuser duct, and a gaseous-nitrogen annular ejector above the diffuser insert. The
diffuser insert was provided for dynamic pressure recovery of the engine exhaust gases
and to maintain engine ambient pressure altitude (attained by the steam ejector) during
the engine firing. The annular ejector was provided to suppress steam recirculation into
the test capsule during steam ejector shutdown.

The test cell was also equipped with (1) a gaseous-nitrogen purge system for
continuously inerting the normal air in-leakage of the cell; (2) a gaseous-nitrogen
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repressurization system for raising test cell pressure after engine cutoff to a level equal to
spray chamber pressure and for rapid emergency inerting of the capsule; (3) a spray
chamber liquid-nitrogen supply and distribution manifold for initially inerting the spray
chamber and exhaust ducting, and for increasing the molecular weight of the
hydrogen-rich exhaust products; and (4) carbon dioxide distribution manifold in the
diffuser for engine exhaust product molecular weight control.

2.3 INSTRUMENTATION

Instrumentation systems were provided to measure engine, stage, and facility
parameters. The engine instrumentation was comprised of (1) flight instrumentation for
the measurement of critical engine parameters and (2) facility instrumentation which was
provided to verify the flight instrumentation and to measure additional engine
parameters. The flight instrumentation was provided and calibrated by the engine
manufacturer; facility instrumentation was initially calibrated and periodically recalibrated
at AEDC. Appendix IIl contains a list of all measured engine test parameters and the
locations of selected sensing points.

Pressure measurements were made using strain-gage and capacitance-type pressure
transducers. Temperature measurements were made using resistance temperature
transducers and thermocouples. Oxidizer and fuel turbopump shaft speeds were sensed by
magnetic pickup. Fuel and oxidizier flow rates to the engine were measured by
turbine-type flowmeters which are an integral part of the engine. Vibrations were
measured by piezoelectric accelerometers. Primary engine and stage valves were
instrumented with linear potentiometers and limit switches.

The data acquisition systems were calibrated by (1) precision electrical shunt
resistance substitution for the pressure transducers and resistance temperature transducer
units; (2) voltage substitution for the thermocouples; (3) frequency substitution for shaft
speeds and flowmeters; and (4) frequency-voltage substitution for accelerometers and
capacitance-type pressure transducers.

The types of data acquisition and recording systems used during this test period
were (1)} a multiple-input digital data acquisition system scanning each parameter at 50
samples per second and recording on magnetic tape; (2) single-input, continuous-recording
FM systems recording on magnetic tape; (3) photographically recording galvanometer
oscillographs; (4) direct-inking, null-balance potentiometer-type X-Y plotters and strip
charts; and (5) optical data recorders. Applicable systems were calibrated before each test
(atmospheric and altitude calibrations). Television cameras, in conjunction with video
tape recorders, were used to provide visual coverage during an engine firing, as well as for
replay capability for immediate examination of unexpected events.

2.4 CONTROLS

Control of the J-2S engine, battleship stage, and test cell systems during the terminal
countdown was provided from the test cell control room. A facility control logic network
was provided to interconnect the engine control system, major stage systems, the engine
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safety cutoff system, the observer cutoff circuits, and the countdown sequencer. A
schematic of the engine start control logic is presented in Fig. 6. The sequence of engine
events for start and shutdown is presented in Figs. 7a and b.

SECTION 11l
PROCEDURE

Preoperational procedures were begun several hours before the test period. All
consumable storage systems were replenished, and engine inspection, leak checks, and
drying procedures were conducted. Propellant tank pressurants and engine pneumatic and
purge gas samples were taken to ensure that specification requirements were met.

- Chemical analysis of propellants was provided by the propellant suppliers. Facility
sequence, engine sequence, and engine abort checks were conducted within a 24-hr time
period before an engine firing to verify the proper sequence of events. Facility and engine
sequence checks consisted of verifying the timing of valves and events to be within
specified limits; the abort checks consisted of electrically simulating engine malfunctions
to verify the occurrence of an automatic engine cutoff signal. A final engine sequence
check was conducted immediately preceding the test period.

Oxidizer injector and thrust chamber jacket purges were initiated before evacuating
the test cell. After completion of instrumentation calibrations at atmospheric conditions,
the solid-propellant turbine starters were installed, the test cell was evacuated to
approximately 0.5 psia with the exhaust machinery, and instrumentation calibrations at
altitude conditions were conducted. Immediately before loading propellants on board the
vehicle, the cell and exhaust ducting atmosphere was inerted. At this same time, the cell
nitrogen purge was initiated for the duration of the test period except for engine
main-stage operation. The vehicle propellant tanks were then loaded and the remainder of
the terminal countdown was conducted. Temperature conditioning of the various engine
components was accomplished as required, using the facility-supplied engine component
conditioning system. Table V presents the engine purges and thermal conditioning
operations during the terminal countdown and immediately following the engine firing.

SECTION 1V
RESULTS AND DISCUSSION

4.1 TEST SUMMARY

Fourteen firings of the Rocketdyne J-2S engine (S/N J-115) were conducted during
five test periods (J4-1001-16 through -20) on March 10, April 1, April 15, April 30, and
May 19, 1970. Pressure altitude at engine start ranged from 93,000 to 105,000 ft.

The major objectives of this test series were (1) development of deep throttling
capability of the J-2S using a variable-position hot gas tapoff valve for thrust control, (2)
demonstration of satisfactory idle-mode operation over a wide range of engine fuel and
oxidizer pump inlet pressures and including post-main-stage idle-mode operation, (3)
determine suitability of the S-IVB propellant recirculation system to prefire condition
propellants and prechill engine propellant pumps, and (4) determine steady-state engine
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performance during main-stage operation. A summary of significant test variables is
presented in Table VI.

Test requirements and specific test results are summarized in Table VI. Start and
shutdown transient operating time for selected engine valves are presented in Table VIII. -
Figure 8 shows engine start conditions for propellant pump inlets and helium tank.

Data presented in subsequent sections are from the digital data acquisition system,
except where indicated otherwise. Propellant flow rates are based on pump discharge
temperatures and pressures and on engine flowmeter calibration constants supplied by the
engine manufacturer (5.5683 and 1.9219 cycles/gal for the oxidizer and fuel flowmeters,
respectively).

4.2 TEST RESULTS

Primary test objectives and brief test results are presented in Appendix IV. Pertinent
engine parameter performance behaviors are presented in Fig. IV-1 through IV-5 of
Appendix IV. An estimated ten-percent bias existed in measured high-range chamber
pressure for test periods 17, 18, and 19. An injector change was made before test period
20 in an attempt to resolve this problem. Characteristic velocity efficiency data for test
period 20 indicated values consistent with pretest 16 J-2S engine main-stage values
(characteristic velocity data have consistently been greater than 100 percent, indicative of
an unknown chamber pressure or propellant weight flow bias). With the exception of test
period 20, chamber pressure data and analysis based on chamber pressure are omitted.

4.2.1 Engine Throttling Capability

One of the design growth potentials of the J-2S rocket engine is the capability to
continuously vary thrust in a main-stage configuration from 100 to 20 percent of the
calibrated engine thrust level (Ref. 4). Six of the fourteen firings of this test series were
conducted in support of throttle development. Engine thrust level was controlled by
varying tapoff valve gate angle after the engine had attained its calibrated main-stage
thrust level. The minimum steady-state chamber pressure obtained was approximately 16
percent of the main-stage level with closed propellant utilization valve, and occurred on
firing 20D. Engine operation in the throttled mode was satisfactory with no operating
anomalies occurring.

Figure 9 presents the tapoff valve gate angle and chamber pressure relationship as
experienced during Firing 20D. From this figure it is evident the engine is quite
responsive to tapoff valve gate angle changes, especially at gate angles between 28 and 31
deg. (A one-degree change in tapoff valve angle is equivalent to a 132-psia chamber
pressure change.) Sensitivity decreased outside this range. Response times to gate
movement were less than one second on all firings.

Figure 10 presents the total engine propellant flow rates and both injector and
overall engine mixture ratios experienced during firing 20D. After the propellant
utilization valve excursion, overall engine mixture ratio attained a maximum of 5.3 before
throttling and decreased to approximately 4.9 at the end of the firing.
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Engine operation at the lower throttle settings closely approximates the region of
high thrust idle mode (200- to 350- psia chamber pressure). During previous firings,
incre'asing resistance in the turbine system, attributed to ice formation, was experienced
with the engine operating in the high thrust idle mode. High thrust idle mode was
conducted with only the first stage of the main oxidizer valve open. However, throttle
operation is conducted with propellant feed valves in the main-stage configuration, i.e.,
the main oxidizer valve fully open. This maintains the turbine tapoff gas temperature in a
region that precludes ice formation or water condensation in the turbine system. Turbine
temperatures experienced during firing 20D are shown in Fig. 11. The minimum
steady-state temperature experienced (with closed propellant utilization valve) occurred at
the liquid-oxygen turbine discharge and was approximately S500°F. Minimum
temperatures realized at the null and open propellant utilization valve positions were 400
and 380°F, respectively.

Fuel pump operating characteristics during engine throttling are shown in Fig. 12.
The lowest head and flow obtained were approximately 9000 ft and 1900 gpm,
respectively, and occurred during firing 20D. This level is about 200 gpm below the
predicted maximum head line. Fuel pump net positive suction head ranged from 700 to
900 ft during throttling, which was above the minimum operating level of 600 ft as
stated by the engine manufacturer. No adverse effects on fuel pump operation occurred
during the throttling tests.

4.3 IDLE-MODE OPERATION

4.3.1 Ildle-Mode Operation at Pump Inlet Pressures as
Constrained by the Flight Vehicle

Three low thrust idle-mode firings were conducted to evaluate engine operating
characteristics over the full range of propellant temperatures and pump inlet pressures as
constrained by the flight vehicle (27- to 34-psia fuel and 33- to 45-psia oxidizer). Engine
combustion chamber and test cell pressures for these firings are presented in Appendix
IV, Figs. IV-1a, -2e, and 4c.

The initial firing (16A) was terminated after 81.5 sec when thrust chamber throat
temperatures exceeded redline limit of 200°F (Fig. 13). Fuel/oxidizer pump inlet
pressures for the initial 40 sec were 33.5/30.8 psia, with a change to 33.5/45.1 psia after
40 sec (oxidizer pump inlet pressure change completed at E.S. + 57.5 sec). Thrust
chamber throat temperature decreased to a minimum of -140°F at initial inlet pressures;
oxidizer pump inlet pressure was then increased to 45.1 psia with the subsequent
chamber temperature rise. The oxidizer idle-mode line orifice size was reduced from
0.902 to 0.725 in. to lower thrust chamber operating temperature for a subsequent firing
(17C). Initial fuel/oxidizer pump inlet pressures for this firing were 34/45 psia, conditions
causing the 16A cutoff. At these inlet pressures, thrust chamber skin temperature
decreased from +50 to -140°F (Fig. 14). At t-0 + 34 sec, an increase in thrust chamber
temperature occurred without any pump inlet pressure change. At the same time,
inadvertent operation of a facility component caused a rise in cell pressure, and it is
apparent heat recirculation into the test cell increased thrust chamber fuel tube
resistance, causing the subsequent chamber temperature rise.
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Firing 19B was successfully completed for 202.4 sec at all pump inlet pressure
combinations as constrained by the flight vehicle. Fuel/oxidizer inlet pressure schedules
aré shown in Fig. 15. A time history of thrust chamber throat temperatures at the
various pump inlet pressures are presented in Fig. 16. As noted, no excessive
temperatures occurred; maximum thrust chamber skin temperature of 0°F occurred at
inlet pressures of 27/45 psia (fuel/oxidizer).

Engine performance is not presented since fuel flow cannot be accurately defined
(pressure temperature at the engine fuel flowmeter indicated two-phase flow throughout
idle mode). Subcooled fuel at the flowmeter was noted after approximately 55 sec of
firing 17C, but performance is not presented because of excessive cell pressure and
temperature. Oxidizer flow rates were 11.2 and 7.6 lbm/sec, respectively, with 0.902- and
0.725-in. oxidizer idle-mode line orifices and 45-psia oxidizer pump inlet pressure (at
similar fuel pump inlet pressures, chamber pressure was 29.4 and 24.7 for the two orifice
sizes).

4.3.2 I|dle-Mode Operation in Support of Interim 21 Program

One idle-mode firing (20E) was conducted in support of interim 21, a proposed
program to utilize the Saturn V, S-II Stage as a space station. Fuel/oxidizer pump inlet
pressures were 25/25 psia for the initial 75 sec, and 25/20 psia for the remaining 25 sec.
Thrust chamber temperature was about +60°F at t-0 and decreased throughout the firing
to -320°F at shutdown (Fig. 17). Combustion chamber pressure averaged about 18 psia
(Appendix IV, Fig. IV-4¢) over the last 60 sec. Performance is not presented because of
inability to define fuel flow (pressure-temperature data indicated two-phase conditions at
the fuel flowmeter).

Leakage past the hot gas tapoff valve was sufficient to spin the fuel pump during all
idle-mode operation. Fuel pump speed varied from 550 to 1300 rpm. No rotation of the
oxidizer pump was observed.

4.3.3 Post-Main-Stage Idle Mode

An 11-sec post-main-stage idle mode was successfully conducted during firing 20A.
Engine operation was satisfactory and no anomalies were noted. Chamber pressure
decreased to a minimum of 24 psia about 12 sec after main-stage cutoff (Fig. 18). Thrust
chamber throat temperature increased from -300 to -75°F between main-stage cutoff and
engine cutoff.

4.4 MAIN-STAGE OPERATION

One long-duration main-stage firing (20A, 29.5 sec in duration) was conducted
during this series. The firing was accomplished with a propellant utilization valve
excursion from null to closed position.

Engine operation was satisfactory, but performance data (i.e., characteristic velocity
and specific impulse) are omitted since calculated values are in excess of 100 percent
theoretical (this is consistent with pretest 16 J-2S engine main-stage performance values).
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It is probable that a chamber pressure bias existed, but there is a possibility that total
propellant weight flow was low. Indicated chamber pressure just before main-stage cutoff
was 1200 psia; total propellant weight flow was 569 lbm/sec at an oxidizer/fuel mixture
ratio of 5.4.

Vibrations, predominantly in the frequency range of 4700 to 4800 Hz, were
recorded with accelerometers mounted on the oxidizer dome and oxidizer pump during
the latter part of firing 20A. Other predominant frequencies, noted from an oxidizer
pump radial accelerometer, were 2200 and 3100 Hz; 4700-4800 Hz were also indicated.
Vibration data from two oxidizer dome and one oxidizer pump radial accelerometer were
evaluated using a power spectral density analysis (Appendix V), and are shown in Fig. 19.
Summarized below are predominant frequencies and vibration power level:

Accelerometer Frequency, Hz. Peak Acceleration, g rms
UTCD-1 Oxidizer Injector Dome 1 4750 22.1
UTCD-2 Oxidizer Injector Dome 2 2000 3.0
UTCD-2 Oxidizer Injector Dome 2 4750 17.7 T
UTCD-2 Oxidizer Injector Dome 2 6000 29
UOPR Oxidizer Pump Radial 2100 8.5
UOPR Oxidizer Pump Radial 3100 206
UOPR Oxidizer Pump Radial 4750 i9.1

4.5 ENGINE TRANSIENT OPERATION

Engine operation during transition to main stage can be seen in Figs. IV-2 through
-5 in Appendix IV. With exception of premature termination of two firings, transition
was satisfactory. These two firings were terminated early because of an excessive delay in
augmented spark igniter ignition detect delay signal (facility logic requires ignition signal
at main-stage start signal). Ignition actually occurred in both cases, and no detrimental
effects would have been experienced had the automatic kill been eliminated. The ignition
delay was apparently|caused by a reduced oxidizer/fuel mlxture ratio in the augmented
spark igniter chamber (effects of bleed valve installation) during start transient, lowering
combustion temperature (augmented spark igniter probes are heat sensitive elements). To
circumvent this problem, pre-main-stage idle mode was extended and chamber pressure
used to indicate ignition.

The S-IVB battleship stage propellant recirculation system was utilized prefire 20A,
20B, 20C, and 20D to temperature condition propellants and engine pumps. Engine bleed
valves were installed pretest 19, but recirculation pump problems prevented use of this
system.

Propellant and engine pump hardware temperature data from test 20 are comparable
with those from tests in which prevalves were opened prefire continuously for 60 min
minimum. Normal sequence for the recirculation system was (1) at t-60 min open
prevalves, (2) at t-15 min close prevalves, open recirculation valves and start recirculation

pumps, and (3) at t-5 sec open prevalves, close recirculation valves, and stop recirculation
pumps.

10
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4.6 TEST ANOMALIES SUMMARY
4.6.1 Chamber Pressure Measurement

An estimated 10-percent bias existed in chamber pressure measurement on test
periods 16 through 19. An analysis by Rocketdyne indicates the problem was caused by
a flow path from the fuel injector manifold to the chamber pressure measurement tap.
An injector change was made before test period 20 to resolve the problem; significant
improvement was noted. However, a small bias was still present. With the exception of
test 20, all chamber pressure data are omitted from this report.

4.6.2 Electrical Control Assembly Problems

The electrical control assembly package was replaced three times during the test
series because of electrical problems. Initial replacement was before test 16 when an
engine sequence check indicated absence of an engine cutoff lockin signal at shutdown. A
resistance check of the cutoff lockin circuitry indicated an electrical short in the
electrical control assembly. An engine sequence check with the new electrical control
assembly indicated the augmented spark igniter No. 2 spark exciter to be defective.
However, the package was used for test 16 and replaced before test 17.

The electrical control assembly package was replaced again pretest 19 because of
inability to reset the cutoff lockin signal.

Bouth cutoff lockin problems were caused by inadequate facility electrical resistance
in the facility electrical control assembly circuitry. A facility modification was
incorporated before test 19 to increase protective resistance from 200 to 1300 ohms
(specified minimum resistance 300 ohms).

4.6.3 Tapoff Valve Control Problems

Problems were experienced with the operation of the variable position hot gas
control valve during test period 17. The valve did not respond normally during firing 17B
and could not be operated at all before 17C. From a posttest evaluation, it was
concluded that hydraulic fluid used for tapoff valve stop control had become chilled,
affecting system response. Inability to operate the valve before 17C was attributed to
chilldlown of hydraulic fluid below pour point (-30°F). This problem was resolved for
subsequent tests by shielding and insulating the hydraulic supply line from cold gases
vused to condition engine components.

4 .6.4 Augmented Spark Igniter Ignition Detect Delay

Augmented spark igniter ignition detect was delayed during test periods 19 and 20.
Two firings were prematurely automatically terminated when the augmented spark igniter
ignition detect signal was not present at main-stage start signal as required by facility
logic. Ignition actually occurred and no detrimental effects would have resulted had the
automatic kill been eliminated. Excessive ignition detect delay was attributed to engine

11
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bleed valve installation which was believed to have reduced the augmented spark igniter
chamber oxidizer/fuel mixture ratio during start transient (augmented spark igniter probes
are heat sensitive elements). When necessary, the problem was resolved by eliminating the
automatic kill requirement, extending pre-mainstage idleemode duration, and using
chamber pressure as ignition indicator (minimum of 10 psia required after two sec).

Firing 20C was terminated early when a propellant utilization valve excursion was
made prematurely (manual kill active if propellant utilization valve position is not in null
position *2 deg, active from main-stage start plus 4.5 sec). This problem resulted when
idle-mode duration was extended after the augmented spark igniter ignition detect delay
occurred. Target idle-mode duration was 5 sec, but because of poor timer resolution,
idle-mode duration was 9.2 sec.

4.6.5 Oxidizer Idle-Mode Valve

The oxidizer idle-mode valve was replaced before test period 18. This was required
because of out-of-specification closing time.

SECTION V
SUMMARY OF RESULTS .

The results of the fourteen firings of the J-2S engine conducted during test periods
J4-1001-16 through -20 are summarized as follows:

1. The throttling capability of the J-2S rocket engine was'sucoessfully
demonstrated using a variable position tapoff valve for control. The
minimum level obtained was approximately 16 percent of the rated
main-stage operating level. '

2. The J-2S engine was successfully operated in low thrust idle-mode
operation over the full range of propellant temperatures and pump inlet
pressures as presently constrained by the flight vehicle. One
post-main-stage idle-mode firing was also successfully conducted.

3. A 100-sec low thrust idle-mode firing was successfully conducted at
reduced pump inlet pressures in support of the Interim 21 Program
(proposed program to utilize the Saturn V, S-II Stage as a space
station).

4. Engine operation during a 30-sec main-stage firing was satisfactory.
Vibrations with predominant frequencies of 3100 and 4750 Hz were
observed during the latter stages of the firing.

5. The S-IVB battleship stage recirculation system was successfully used to
temperature condition propellant and pump temperature during test
period 20. Augmented spark igniter ignition was delayed during engine
start transient with the bleed valves installed.

12
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Fig. 2 Test Cell J-4, Artist’s Conception
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Fig. 5 Engine Details
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Tapoff Ports
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b. Engine Shutdown Events
Fig. 7 Engine Start and Shutdown Sequence
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TABLE |

MAJOR ENGINE COMPONENTS
(EFFECTIVE TEST J4-1001-16)

Part Name

Thrust Chamber Body Assembly

Thrust Chamber Injector Assembly

Augmented Spark Igniter Assemb
Ignition Detector Probe 1
Ignition Detector Probe 2
Fuel Turbopump Assembly
Oxidizer Turbopump Assembly
Main Fuel Valve

Main Oxidizer Valve
Idle—Mode Valve

Thrust Chamber Bypass Valve
Hot Gas Tapoff Valve
Propellant Utilization Valve
Electrical Control Package
Engine Instrumentation Package
Pneumatic Control Package
Restart Control Assembly
Helium Tank Assembly
Oxidizer Flowmeter

Fuel Flowmeter

Fuel Inlet Duct Assembly
Oxidizer Inlet Duct Assembly
Fuel Pump Discharge Duct
Oxidizer Pump Discharge Duct
Thrust Chamber Bypass Duct

ly

Fuel Turbine Exhaust Bypass Duct

Hot Gas Tapoff Duct

Solid=Propellant Turbine
Starters Manifold

Oxidizer Turbine Exhaust Duct

Crossover Duct

39

o/

411082-201
XBOR936070
652050-61
3243-2
3243-2
461500-131
460430-11
411320-41
411225-81
411385-31
411180-51
557824-31

99-251455-X7

503670-11X3
704641-11
558330-21
503680-X
NA5-260251
251216
251225
409900-61
409899
411082-57
411082-27
411082-59
30787911
411082-63

210921-31
307887-31
307879-11

AEDC-TR-70-251

s/

2204449
4087381
4901625
016

003
4901692
4901664
4901700
4901679
49800955
4900900
4901253
8900937
4901722
4900428
4301005
4901654
0005
4302737
4300940
4300851
4300863
2191043
2191053
2190820
3838910
2190982

3848757
3838870
3838910



or

Orifice Name

OxidizZer Turbine Bypass
Fuel Bypass

Oxidizer Idle-Mode
Supply Line

Main Oxidizer Valve
First Stage Gate Angle

Augmented Spark Igniter
Oxidizer Supply Line

Augmented Spark Igniter
Fuel Supply Line

Film Coolant

Film Coolant Venturi

Propellant Utilization
Valve Inlet

TABLE I

SUMMARY OF ENGINE ORIFICES

Part Number

RD251-4143

411092
411092

652050-19

411093-3

Diameter,
in,

1.910

1.50

0.902
0.725

0.100

0,583

1.027 inlet
0.744 throat

1.250

Test

Effective

J4-1001-16

J4-1001-16

J4-1001-16
J4-1001-17

J4-1001-16

J4-1001-17

J4-1001-16

J4-1001-16

J4-1001-16

J4-1001-16

J4-1001-16

Comments

Delivered Part

Delivered Part

Delivered Part
EWR 121343

10 deg
12.5 deg

Delivered Part

Open Line

Delivered Part

Cp = 0.97

Delivered Part

1892-04-¥1-203V



Modification

Number

EWR 121337
EWR 121343

EWR 121335

EWR 121344

None

None

EWR 121267

EWR 121271

AEDC-TR-70-251

TABLE 1l
ENGINE MODIFICATIONS
(BETWEEN TESTS J4-1001-16 AND -20)

Completion
Date

*
TEST J4-1001-16

3/17/70
3/19/70

3/11/70

3/19/70

TEST J4-1001-17

TEST J4-1001-18

TEST J4-1001-19
5/ 8/710

5/12/70

TEST J4-1001-20

Description of Modification

3/10/70

Install variable tapoff valve stop

Install 0.725-in,.~diam oxidizer
idle-mode orifice

Change main oxidizer gate first
stage angle from 10 to 11 deg

Change main oxidizer gate first
stage angle from 11 to 12.5 deg

4/1/70

4/15/70

4/30/70

Increase tapoff valve stop piston
length by 0,036 in.

Increase ASI # 1 probe immersion
depth by 0.045 in.

5/19/70

*For Pretest 16 Engine Configuration, See Table I.
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TABLE IV

ENGINE COMPONENT REPLACEMENTS
(BETWEEN TESTS J4-1001-16 AND -20)

Completion
Replacement Date

TEST J4-1001-16

P/N 99-461500—31 3/12/70
S/N R006-1
P/N 503670-11X3 3/19/70

S/N 4901723

TEST J4-1001-17

P/N 99-411385 4/13/70
S/N 8900867

TEST J4-1901-18
None

TEST J4-1001-19
P/N XEOR937048 5/ 5/70

S/N 4087387

TEST J4-1001-20

42

Component Replaced

3/10/70

Fuel Pump P/N 461500-131
S/N 4901692
UCR# 013551

Electrical Control

Assembly P/N 503670-11X3
S/N 4901722

UCR# 013502

4/ 1/70

Oxidizer Idle-Mode

Valve P/N 411385-31

S/N 4900955
UCR# 013506

4/15/70

4/30/70

Injector P/N XBOR936070
S/N 4087381

5/19/70
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TABL

EV

ENGINE PURGE AND COMPONENT CONDITIONING SEQUENCE

o [}
5 g 3
Q, T Q
) ] &
J Coast g.'
Purge Requirement @ Period o ”
@) o &
o [ &
3 2 g)
i, 4] -3
oxidizer dome Nitrogen, nd
and idle-mode 600 * 25 psia 15 min
diffuser 100 to 150°F

at customer
connect panel
(150 scfm)

i,

Hnninii

Wi

Thrust chamber
jacket, £ilm
coolant, and

turbopump purges

Helium,

150, + 25 psia

50 to 1509F at
customer con=

nact panel

(**) (1)

W

"

15
min (**) (1)

222357177
22717/
LilLL

30 min

"

i

(125 scfm)
SPTS conditioning !ggr:gel;zoop /1, z','fu'.é's////// \\\\\\\ Remaining SPTS \\\\\\\\\\\ \

LA LM AL L L L

Main fuel valve
conditioning

Halium, =300°F
to ambient

(/11

*Engine=supplied oxidizer pump intermediate seal cavity purge

**Anytime racility water is on
+30 min before propellant drop

ttInitiate MFV conditioning 30 min before engine start for those firings with temperature requirements

1S2-04-4L-003V
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TABLE VI
SUMMARY OF SIGNIFICANT TEST VARIABLES

TFST [ ERIOD/ F1IRING NO. 157 | 174 178 17c | 18a 18B 12a | 19B 19C 20A 20B 20C 20D | 20E
Fuel Pump 1“1:: :;’“““' psla, 1336 |aa8 [s0.0 34.2 |43.5 45.3 0.8 341 | 40.4 30,4 |18 416 4as 25.3
Ozldizer Fump ety Toasure. PRIL 30,8 |45.0  |av.4 5.1 |44.3 44.7 45.3 a9 |as1 38.3 [45.0 45.8 45.3 24.8
Main Oxidizer Valve First-Stage |0 5 1135 [12.5 12,5 [12.5 12.5 12,5 125 |12.8 12.5 |12.5 12.5 12.5 12,5
Position, deg
Propellant Utilization Valve Null | Null Null | Null | Null Null Nell | Null Null Nuu | Nun Null Null | Null
Position at t-0
Fuel Bypass Line Orifice .50 | 1.50 | 1.s0 1.50 | 1.50 1.50 1.50 1.50 | 1.50 1.50 | 1.50 1.50 1.50 1.50
Diameter, in., t
Ozidizeridie:ModeiLing 0.90z | 0.725 | 0.725 {0.725| 0.725 | 0.725 | o.725 | 0.725] o0.725 | o0.725| o0.725 | o0.725 | 0.725 |o0.725
Orifice Diameter, in.
Idie Idle Throttle | 1ldle Main Throttle | Throttle 1dle
Type ¥lring Mode Throttle | Throttle Mode Throttle | Throttie Attempt | Mode Throttle Stage | Atlempt | Attempt Throttle Mode
Propellant Utilization Vslve
Position during Throttle .- Open Null .- Closcd Null - -—- Open --- - -—= Closed ---

Operation

162-04-41-0403v
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' AEDC 187025t
' TABLEVII |
. SUMMARY OF TEST REQUIREMENTS AND RESULTS
'
. . ¥ s . Ve B ' ' ! .
. . . X S SR S Y . I : e I ’ : . : : .
r— J4-1001-16A J6-1001-17A * 34-1001-17B : J4-1001-17C v J4-1001-18A J4-1001-188 J4-1001-19A J4-1001-10D N Jd-1001-19C J4-1001-204 " ~ " J4-1001-208 J4-1001-30C 24-1001-200 J4-1001-208
Tirtng Fumbes Target Actusl Tneget Actuul " Targat Actual Farpet Actust Target Actund Targel Actosl Target Actual Targel | Actusl Target Actusl Turget Actunl " Target Actial Target Actux Target Actual Torgat Actunl
—_— . -
- 1/10/170." - 4/1/1a —— 4N1]10 -m= 4/1/70 - 4718/ —— 4715710 - 473077 — 430/ _—— 4/30/ - 3/10/70, - 5/10/ -_— /18] .- 8/18/7 -— 3/13/ 7
Firing Date/Tine of Day — 1500 ae- - 151 -- .- 1850 .- 2215 ‘- 1319 - - 1001 .- 227 - 1261 - 1 --- 15| . - 1744 -
T'rewenre Allitude at t-0, ft (Raf. 1) 100,000 03,000 100,000 74,000 100, 000 103,000 100,000 0,000 100, 000 4, 000 190,000 103, 000 100, 000 104, 000 100,000 104, 000 108,000 105,000 100, 000 100,000 100, 000 101,000 100, 080 100,000 100, 000 101,000 100, 000 100, 000
Low Thrupl Idle Mode Duretion, eet 300 01.520 1 1.017 1 1.022 00 89,718 1 1013 1 : Lo 1 1,016 00 202.076 [] 5.870 1 " t.oz1 1 1,012 5 0.183 s 8.317 150 103, 189
—u-u_num- Duration, ece --- - 50 50,701 50 80, 654 .- - 80 60, 161 80 80,308 34 1079 .- - T " 28,00 2 20.407 50 .- 60 3,103 50 60, 508 - p
Post-Malnslage Low Thrust kie -—— . -- — — —— - -— -—- -— - -_— — - -—- -— - N 10 11,080 .- — —-— J— -— - — ———
Mode Duration, eec .. | _ . \ ]
Fuel Fump Inlet Pressure ot 1-0, pela .04 1.0 3.8 34.021.0 3.0 30,021,0 0.1 34.021.0 34.3 40.0 (Mtntnura) [ R) 40.0 (Minimum) a1 140, 0 (Mintmum) we | sorno M1 40,0 {(Mintmum] 40.4 ,021.0 30.4 40 (Minimum) as 40 (Minimum) a6 40 (Minimum) 4L 3£1,0 3,3
_!\.u-.l Pump Tnlst Temperature st t-0, °F -— -417.4 - -417.2 - -410,3 - -417.4 =-— -410.0 ——— -416,2 - -410 3 e -418.9 - -410, 8 -— -431.2 == B -42L, 8 CEE] -421. 8 - -421,0 - -410.3
Fuel Tark Bulk Temperature at t-0, °F 432.0 0.4 -472,0 -422,0 £0.4 -432.0 433,040.4 -432,0 432,0 20.4 425 4230 £0.4 -423,0 -432,0 2 0.4 -413.0 423,0 £0.4 4328 -422.0 20,4 -433,0 422,040, 4127 -423,0 20,4 -422,8 423,0204 | 4237 -423 020, 4 -a22.8 -423.040,4 -413.8 ~423.010 4 -422, 6
o:iumr Pump Inlet Preosure at t-0, 20,0 ¢1,0 0.8 40,0 +1.0 45,0 20.04 1.0 30.4 45.0+10 4,1 4,021.0 “.3 43,0210 4“1 €,021,0 45,3 @Qoz1,0 “,0 @a0zL0 4.1 380210 30,8 @.0zL0 .0 40,0%1,0 4,8 Tae021.0 4.1 234+1,0 33,0
pein ' . i
Oxtdivos Pump lulet Temperaturs of 1-0, F - -302, 8 - -302,0 --- -200,6 - -202, 0 i -283.0 - -293.3 -3M4.4 - -203,0 - -203.3 --- " -205.4 .- -260. 1 - -305.0 - -300.3 .- -204,6
Oxidjzer Pump Bulk Criaperature mt t=0, *F [-309.0 £0.4 303, 0 -203,0 £ 0.4 =203, 4 -2050:0,4 -200,8 -2193.0 20,4 -203.0 =203,0 £ 0,4 -204,4 «203,0 20 4 395, 8 ~205,0 20,4 -303,b «205,0 £0 4 204, 6 =353.0 £0,4 -200,7 -305,0 0,4 -304.3 -205.0 £ 0,4 -204. 8 -305.0 10,4 ~203, 8 -303.0%0.4 | 6 -200,0 -203,0%0.4 -300,3
. +0 +0 _— 23% — 1860 +0 i +0 e B 40 +0 o +0 +0
Heltum Tank Freseure at1 0, pefa 3450 - 200 3300 480 - 200 sam 3450 - 300 038) 3380, 0430 - 200 %0 1230 === uto 3430 - 300 Bn 3450 - 200 % 3450 - 300 3264 3450 - 200 a9 3450 - 200 3308
_lh!lm Tenk Temperuture at t-0, °F - ] --- 40 === 35 - L . == 40 - 0 - (] oa- (3] - 54 . o - - " - 50 _— m — 45
- . +0 . - +0 B _-_— +0 +0
Main Oxidizer Valve Trmpersture nt £ 0, *F - -, -100 - 50 bt -100 - 50 so o -100 - 50 ot +100 - %0 o1 T - 137 1os - - - 3 s - -1 . n
— Chmh._r- Temperature at t-0, *F Ambient 7 Ambient s Amblant a“ 61 Amblent Ambient L] Ambient 51 Ambiert s0 Ambiem [ Amblent s Ambient ki Amblent 03 Ambient [ Amblent 00 Ambjent 81
A‘“,,,M;;. Igniter Ignition Delay, ece 30 0,778 1 0, 007 r 0.803 30 0,620 1 0,780 1 0.817 1 4.610 30 0, 770 3 0 607 1 0,602 g+l 1,5%0 15 0. 008 (3] 1.080 t+320 0 677
0 —_——T -~ _
Propellant in Engine Time, min 60 00 00 o e 120 80 108 L] OEG”E‘:_",‘-:"-—’ . 00 50 0 139 60 214 0 44 00 03 [ 49 00 2 ] 80 .0 L]
Null = Noll e Rl . Nat o Null i Nl o E o Nujl 5 Nuly o [ Nll To [N o | N To | ¥l o | Nl -0 | Mo To | N To |Nall To | ML oo | Rl oo | Mull oo | Ml 1-0 | Null 10 |Nell 1o f Nl 10 | Hul t-g | Nl -0 | NI 1o | Nl 1-0
Propeliant Utiltzntion Valve Posution/Time  [“5C == Opan én caed __— | u-:d/,— = /T— }_ Closed Closed - -— Open - -— —— -Open Cpan Cicusdl CT] Cloged - Clowed Clousd Qoged Closcd --/ -
, .- -—- g+ (L'!_ 1440 | 7 tra1 --- e 1+8 t+ 7 —— - t+40,0 —— - -— 10,0 g+ 11 t+ 6 t+7,5 t+3 - t+ 1o t+10.7 t+ 10 t+10 == =
r Part Number - .- . 09-003527-11 - 00 CO83T-11 .- - - 00.803527-11 - 08-002327-11 e 00-203337-11 .- .- - $50400-11 - €00400- 11 - - - 65040011 - 850400-11 e o
Serial Number P - - HT000005 - 1#T000000 -- - - RT000010 - RT000011 -- RT000012 - - --- RT000004 .- RT008003 - - - RT000000 .- RT000007 .- -
Nast [ - i - . y ¢ — .- - -
_jl_:ll_l:;r;l: s Temperature at -0, °¥ - --- 504 10 46 0 & 10 a1 Ambinnt “* Ambiem 4 +100 # 10 3] - -- +108 £ 10 2 Amblent o _ Amblem 00 Ambient 4 -- -
Burn Tioe, sue -- --- == .18 == .34 it == o= 44 --- .4 - 2.30 - - - 3,3 === z 10 -=- === - 3.10 -—- E R .- -—
Maxfmum Pressure. paia == - - 3338 b 3300 -- --- .- 3360 - 3280 - 3570 - - - e 3770 -- 3% cae .. e 3360 . - — —
' 5
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TABLE VIII
ENGINE VALVE TIMINGS

2  Vsive delsy tims la 1he tlme raquired fc

salenowd hae heen energized

3 Flal
4. Data sre reduced {from oeclllograph.

eheck la

whthoul

and within 12 hr befors lesting.

inltial valvs movsment after lhe valve "open” or “closed™

Seart
Mamn Fuel Valve Ldle Mode Hot-Oas Maln Orxidizsr Valve Maln Oxidiser Valve Thrusl Chamber
Taal n Oadizsr Valvs Tapoff Velvs Firet Stage Second Sage lliypaes Velve
74 1wl- Firing Time Vaivs Valve Tune Valva Vsive Time Velvs Valve Tims Valve Valve Time Vslvs Valvs Time Valve Valve
of Dslay COpaning of Delay Opsinng of Delsy Opening of Dalay Opening of Delay Opnning of Delay Closing
Opening Tume, Tume, Opaning Tlme, Time, Opening Tima, Tlme, Qpening Time, Time, Opening Time, ‘Tims, Closing Time, Tims,
Signal aec sec Signul sec oac Signal sec uce Signal sec sec Signal sec asc Signal sec [
18 ¥inal Sequence 0 00 0 060 0 150 n no 0 260 0 063 - - === smma -=- --- -- --- o= ==
A 0 00 0 000 0 132 0 00 0.280 0 ons - === - - - - - P P - .on
| Final Sequence 0 00 0 057 0. 070 0 0on 0 14} 0 042 1,035 0 137 0 050 1.036 v 001 0 030 3 022 0.180 0 049 2 922 0 208 0 800
A 0 00 0 080 0 130 0 00 0 27_! ~ o ioo 1 017 0.172 0 076 1m7 o 000 0 034 2.907 0.20% n, 847 2.807 0 173 1 080
| B 0 00 0 000 0 0%0 0 oo 0 103 0 08% 1 022 0 184 0, 001 1 032 0. 128 0.038 2 014 0. 236 0 803 2 A14 0 198 1 037
«© 0 00 0 088 0 180 0 00 0 206 0 110 - L - - . coe ==e .- =—- o= [l
10 Fuul Sequence 0 00 0 000 0 145 v 0o n 249 0, 062 1 015 0 143 0 080 1 015 0 080 0.030 2 000 0175 LR 2. 900 0. 195 0 820
A 0 00 0 005 0 128 0.0n 0 237 0 002 1 013 0, 180 0. 080 1013 U UHo 0, 020 2.80% 0 212 U 0uo 2 WN3 n, 184 1,085
Shutdown
Hot Que Idle-Mode Thrust Chamber
Maws Oxidizsr Valva Tapoff Valve Maln Fuel Valve Ozidlzar Valve Eypaes Valvs
3 "_rl.;; i Flring Time Valve Valvs Tiume Valve Velve Time Valve Valvs Tune Valve Valve Tims Velve Velve
of Delay, Clnaing, of Delay. Cloaing, of Delay, Cloelng. uf Delny, Closing of Delay, | Openwng
Signal see sec Signal onc eec Signat sec sec Slgnal ge¢ sec Signal sec sec
10 Final Sequsnce --- wee .ee --= == === 0.072 0. 240 e 40N 0 170 . -ag .-
A - - —-- e- --- - 81 528 | 0 072 0,242 81 3207 0 100 023 eem -—- .-
17 Final Sequence === 0. 088 0 140 0 094 0 110 .= 0 083 0 23y --- 0 onn 0 163 - 0 200 0 $22
A 80 s | o oo? 015% 6o 710 | 0 ov/ 0 001 00 718 | o0 o84 0,260 60 718 | o.110 0 234 00.718 | o 350 0 208
o 81 016 0, 087 0. 155 81 010 0. 091 0 121 61.018 0 o84 0 284 a1 0181 0. 130 0, 242 6! 018 0 388 0. 208
s - a-- 80,710 | 0 074 0 250 o9 118 | o 006 0.262 ---
18 Fnul Sequenca cas 0 005 0 136 === 0. 092 0 083 o= 0, 076 0 230 - 0 oHo 0 158 m-- 0 209 0.210
A G1 104 0 000 0 144 81 1u4 0 100 _h.o06 61 194 0, 100 0 2% 61 104 0. 080 0. 183 01,194 0 44 0,213
NOTES: 1 AL valvs signa! 1lmee are refecencsd tol 0

162-04-41-2Q3V
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TABLE VIil (Continued)

NOTES. 1. AIl velve signel timee ere refsrenced to t-0.

2 Valve dslay time 18 the Lumc requuced for initial valve movement after the valva "open” or "closed™
solenold has been energised.

2 Final chack i= without p
4. Duts sre reduced from oscillograph.

and within 12 hr before testing.

Start
Hls- Mods Maoln Oxidiser Velve Main Oxidizer Valvs Tiuust Chamber
Tast Maln Fusl Vaive Oxidizer Valve Firat Stage Second Stage Bypass Velve
J4 1001- Firing
Time Valve Valve Tims Vsive Velve Tune Valve Valve Time Valve Valva Tims Valva Valve
of Dslay Opening of Delay Opsning of Deley Opening of Dulay Opening of Dalay Cloalng
Opening Tims, Time, Opening Tuns, Tims. Opsning Tume, Tune, Opening Tlms, Tlue, Closing Tims, Times,
Signal sac [ Sigaal (L3 [T Sigual wec 3 Signa) seo [ $ignal ssc sec
18 B 0.00 0 058 0.u89 0. 00 0 152 0 043 1 018 0.153 0. 083 1.018 0. 081 0 028 3,000 0 240 0 %22 3 uso 0. 108 1 020
10 Final Sequence 0. 00 0 082 0.080_| o 0o 0 151 0 027 1.027 0 188 8 078 1 027 0 088 0. 028 2,030 0 17/¥ 0 850 2,020 0.210 0,808
A 0 00 0. 150 0 13 0 00 0. 364 _ 0. 068 1.018 0 185 8 Ut 1 018 0 087 0 030 - -—— = Yean == ===
B B 0 00 0 112 0 127 0 00 0. 245 0.043 - --- --- - -a- -
[} 0.00 0.081 0.060_| 0 00 0 1568 0 044 8 870 0 181 0 080 6.870 _ 0 080 0 025 8. 754 0.230 0.917 8 704 0. 187 1 033
20 Finsl SFEIFHCI 0 00 0 060 0 000 0 00 0 145 0 030 1018 0 148 0. 040 1 010 0 078 0. 036 3.012 0160 | _o. lﬂ_ 2 012 0. 280 0 852
— A 0 00 C. 092 0 000 0 00 0170 0 045 1 021 0 180 0.078 1 021 0 085 0.020 2 012 v. 212 0.018 2 012 0. 180 1 088
B 0 00 0, 080 0.088 0.00 0170 0 045 . -- .-
Shuldown
Rot Gee hile- Mode ‘Thrust Chamber
Maln Oxidizsr Valve Tapolt Valvs Main Fusl Valve Oxldlnr Valvs Bypase Valvs
,‘T;::"_ Firing Time Valve Valvs Time Velvs | Vslve Time Valve Valve Time Valve Valve Tims Valve Valve
of Dalay, Closing, of Delay, Cloaing, of Delsy, Closing, of Delay, Closing of Delay, Opening
Signal L) sec Signal e see Signal asc asc Sygnal aec asc Signal asc e
18 B 81 224 0 087 0 142 81 224 0. 092 0 087 61 224 1 0.100 0 270 61 224 0 05 0 186 81 224 0. 253 0.208
10 Final S LL 0, 084 0.140 - 0. 082 0.170 == 0.055 0 122 Lo 0 086 0 210 - 0. 308 0.210
2 080 0 048 0.040 2 00 0 085 0 137 3. 080 0.103 0 358 2 N8y 0 090 0 188 -ns - ==
| - 202 378 | o0 oss 0 432 202 178 0.004 | o.100 -a-
34 023 0 080 0,142 34. 922 0. 000 0 082 34.022 | 0 tO8 0.2%0 34,023 | o0 089 0.178 34 023 0 343 0 214
20 Final 5 === 0.072 [ v.138 === 0.002 | 0.087 - 0 082 0.238_ | --- oonse] omns s-- 02385 | o224 _|
30 818 0.083 0.152 30 418 0 073 0. 100 41 807 |- 0. 004 0, 322 ll.eq'l 0.070 0 184 30 618 0 353 0. 200
- - - ——— - - 1 012 0 000 0,268 1 012 0 088 0 180 -ve .. -

162-04-41-003V
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TABLE Vil (Concluded)

Start
Main Fuel Valve Idle Mode Hot Gas Main Oxidizer Valve | Main Oxidizcr Valve Thrust Chamber
Firing Oxidizer Valve Tapoff Valve First Stage Second Stage Fuel Bypass Valve
Number -~
J4-1001-| Time | Valve | Valve | Time | Valve | Valve | ‘I'imc | Valve | Valve | Time | Vulve | Valve | Time | Valve | Valve | Time | Valvc| Valve
of Delay | QOpen of Delay | Open of Delay| Open of Delay | Open of Deluy | Open of Delay | Closing
Open |Time, | Time, | Open |Time, | Time, | Open |Time, | Time, | Open |Time, |{Time, | Open | Time, |1ime, | Closing | Time, | Time,
Signal | sec scc | Signal | sec gec | Signal | scec sec | Signal | sce sec (Signal | scc sec Signal sec sec
20C 0.00 {0.073 |0.081 | 0,00 |0.167 | 0,038 | 9,192 |0,.160 |0,070 | 9,182 |0.086 |0.030 (11,077}0,257 [0.900 | 11.077 |0.198 1.063
D 0,00 |0.085 |0.105 | 0,00 (0,180 | 0.045 | 6.320 |0.155 |0.078 | 6,320 {0.084 [0.032 | 8.205| 0,213 | 0,886 8.205 |0, 205 1,038
E 0.00 |o0.080 {0.058 | 0,00 |0,150 | 0.045 -——- —— -—— -—— —— —-—— -— ——— -— -——= —— _—
Shutdown
s Hot Gas 3 Idlc Mode Thrust Chamber
Firing Main Oxidizer Valve Tapoff Valve Main Fuel Valve Oxidizer Valve Fuel Bypass Valve
Number
J4-1001-] Time | Valve | Valve Time | Valve | Valve Time | Valve| Valve Time | Valve | Valve Time | Valve| Valve
of Delay |Closing of Delay | Closing of Delay | Closing of Dclay | Closing of Delay | Opening
Closing | Time, | Time, {Closing |Time, | Tune, | Closing | Time, | Time, |Closing | Time, | Time, |Opening| Time, | Time,
Signal sec sec Signul sce sec Signal sec sec Signal sce scc Signal gsec sec
20C 12,390 | 0,060 | 0,165 12,390 | 0,076 | 0,153 12,390 {0.107 | 0.330 12,390 | 0,086 | 0.170 12,390 | 0, 227 0,237
D 56,820 | 0,093 0, 142 56,820 {0,102 | 0,070 56,820 | 0,110 0.335 96,820 | 0.080 0,171 56,820 | 0.362 0.217
E -——- —— - -—— - «-~ 1102.189 | 0,091 0.296 |102,189| 0,073 0. 175 —— —— -

NOTES: 1. All valve signal times arc rcferenced to t-0,
Vulve delay time is the time required for initial valve movement after the valve "open"” or "closed' solenoid has been encrgizcd.

2.
3.
4,

Final sequence check is conducted without propellants and within 12 hr beforc testing.

Data reduced from oscillograph.

192-0L-41-003Y
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APPENDIX Il
INSTRUMENTATION SUMMARY

The instrumentation for AEDC Tests J4-1001-16, -17, -18, -19, and -20 is tabulated

in Table III-1. The location of selected major engine instrumentation is shown in Fig.
II-1.

50
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TABLE IlI-1
INSTRUMENTATION LIST

olgitai
AEDC Tap Data vagnetie Oacillo- Strip Event x-Y
Code Parametar Numbar Range Syatan Tapa graph Chart Recordar Plottar
Event
EOCO Observer Cutoff Signai onsoft x
EOPCO Ozidizer Pump Overspoed on/off x
Cutoff Signai
EOPVC Oxidizer Prevalvs on/fOEE X 2
Cioaed Limit
EOPVO Ozidizar Prevaive onJofL x x
Open Limit
EOTCO Fual Turbine Overs On/oft x
Tanperstura Cutoff
ERASIS=T Augmentsd 5park Ignitar Oon foff x
Spark Rata =1
CRASZS+«2 Augnentad Spark Ignitar On fOLE x
Sperk Rate =2
E31v Ho. 1 Soiide-Propeliant * OnsoLf x x
Turbina Starter Exe
ploding Bridga Wire
Momitor 1
BS1v2 No. 1 Soiid-Propeilant * Oonjoft x x
Turbine Starter Ex-
ploding Bridge ¥Wira
“onlitor 2
ES2M1 No. 2 Solid-Propaiient ¢ on/oft x x
Turbine Sterter Ex-
ploding Bridga Wire
Monitor 1
ES2v2 Mo. 2 Solild-Propeliant = onfofL x x
Turbine Starter Exe
ploding Bridga Wire
Monitor 2
ESINV No. ) SolidePropeliant * on/net x x
Turbine Startar Ex-
pioding Bricdga Wira
Monitor 1
ESIN2 No. 3 Soiid<Propellant * on /o2t x x
Turbina Startar Exe
pioding Bridga Wira
Monitor 2
ESAMCO Stail Approach Monitor or.JOfE »
Cutoff
ZEPTS salid-Propalisnt on/off »
Turbine Startar
Instiated
BBR-1 Solic¢-Propeiisnt Turhine # on/oft x x x
Startar ' Resdy
ESR-2 Soiid-Propaiiant Turbine ® onfoff x x x
Starter 2 Ready
ESR~1 Solid-?Propeiiant Turbine * onfof2 x x x
Startar 3 Ready
ESTCO Start "'OK** Tiner onjCoLE x
Cutof? Sagnal
ETCBC Thrast Chamber Dypamss on/foLe x
Vaiva Cloaed
ETCBO Taruat Chamber 3ypsas D Vil 44 x
valve Oporn
EVSCe1 ibration Sefaty Counta -1 m/0eE x
EVSC-2 vibration Safety Countas -2 om/oEe x
EVSCe) vibratica Safaty Counta -3 m/oft x
Flows, gen
oPe1 Engine Fual PTF C ta 31,200 x
QFe2 Engine Fuel PFFa o to 11,200 x x x x
Qre-3 EZngine Fuel PPF ¢ to 11,200 x
CFRP Pusi Rascirculstion Eyatam+ § ¢t 0 ta 160 x
20-1 Engine Oxidizar POF 0 to ),6n0 x
QO=2 Engine Oxidizar POFa 0 ta 3,6C0 x x x
00e3 Cngine Oxidizer POr 0 to 3,600 x
QORP* Oxidizar Pecirculation N to 10C x x x

Syatem * t t¢
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FSPe1
rEy=1
Fe=H
3L

LIMT

LPUTOP

LY
LY

PA«1
Phe2
PA-)
PCetP
PCe2P
PC=2PL
PCOPTS. 1

PCIPTH.2

PCBPTS-)

PFASLY

PPASLI=L

PPCVI

PPCVI-L

PPCVT-L

PrJe-1
PEI-1L
PEMI

PFPBRC

PFPBS

PFPO-1L
PFPD-1P
PFPD=2
PEPI-1
PTPI-2
PrPI=3
PPPRD

TABLE 111 (Continued})

Tap
Parameter Nunber

Forcsa, 1bf
Side Load [Pitch)

Slde Load (Yaw)
Axial Thrust
Axlal Thrust

Poaltlen, Percent Open

Thruat Chamber
Bypaaa Valve

Main Fuel Vslvs

Idla-Mods/Auqmented rk
Ignlter Owidlzer Vll:cp.

Malo Oxidizer Valve
Propellant Utlllaation
Valve

Thrust Contrgl ¢
Hot Gas Tapoff Valve

Presaurs, pela

Test Cell

Tast Call

Test Cell

Thruat Chamber <61
Thrust Chamber * CGla
Thrust Chamber CGla=t
SolidePropellant * PI8=1
Turbins Startar

Chanber 1

Solld-Propellant * PTS«2
Turbine Startsr

Chamber 2

Boljid-Propsllant ¢ PTSe]
Turbine Startar

Chamber )

Augweotsd Spark Ignlter cré
Tuel Injsctor

Augneoted Spark Ignitsr Cre
real Injector

PFila Ceolant Venturi cm
Inlst

Fila Coolant Venturl cn?
Tnlst

Film Coolant Vesturl cre
Throat

Film Coolant Venturi Cré
Throat

Fuel Injection P2
Fual Injsctlon cr2
Fusl Jacket <
Vanifold Inlst

Pasl Pump Balance S
Piston Csvity

Fuol Pump Balance Pre
Plston Sump

Fuel Pump Dlschargs [ 4 2]
Fuel Pump Dischargs PrY
Fusl Punp Dischargs *t

Fuel Pump Inlet 1
Tuel Pump Inlast

Fusl Pump Inlst wris
Fusl Purp Rsar Bearing 7
Coolant

oigltal
Cata
Range  System
$+20,000 x
420,000 a
0 to 100,000 x
+10,000 x
0 to 100 x
Q ta 100 x
9 to 100 x
0 to 100 x
5 volts x
5 volts x
0 to 100 x
0 to 0.5 x
0 to 1,0 x
0 to 5.0 x
0 to 1500 x
0 to 1500 x
9 to 50 x
 to 5000 x
0 to 5000
0 to 5000 x
0 to 2000 x
¢ to 50 x
0 to 2000 x
0 to 50 x
Q0 to 2000 x
0 to 50 x
0 to 1500 x
0 to 50 x
0 to 2000 x
9 to 2030 x
0 to 1000 x
0 to 50 x
0 to 2500 x
0 to 3000 x
Q0 to 100 x
0 to 100 x
0 to 109 x
0 to 1000 x
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Code

rrel
PPRUT
PRUT-L
PFVC

PPV1

POINL-L

POPO-1L
POPO-1P
POPO-2
POPI-1
POPI=2
POPI-3

POTI- P
POR0- 1P

Paramotar

Prezsure, psie

Pusl Recircuistion Pump
Outlet * ¢ #¢

Fuel Recircuiation Pusp
Return * ¢ ¢

Fuel Turbine Iniet
Pusl Ullege Tank
Fuel Ullege Tenk

Fuel Repraszurisstion st
Customer Connect fanel

Fuel Reprezsurizetion
Nozzle Iniet

Fusil Reprassurixstion
Wossle Throat

Nalium Tank
Helium Tank
Kelium Tank
Pneumatic System

Oxidissr Dome Purge at
Custonmer Connect Panei

Oxidizer Idle-Mode
Line

Oxidizer Idie-Mode
Line

oxidiszer Injsction
Oxidizer Injection
Oxldizer Injection

Oxidizer Injection
Mznifoid

Oxidizar Pump Besring
Coolent

Oxidizer Pump Discharge
Oxidizer Pump Oiecharge

Oxidlzer Pump Oischarge * ¢

Oxidizer Puzp Inlet
Oxidizer Pump Iniet
Oxidizer Pump Iniet

Oxidizer Pump Primary
Sexl Cavity

Oxidiser Recircuietion
Pump Cutlet * t

Oxidisar Recirculetion
funp Return * ¢ 1

Oxidissr Turbine Inlet
Oxidizer Turbins Outist
Oxidizer Ullege Tank

thotocon Cooling Matar
(Downetream)

Photocon Cooling Mater
(Upztream)

TABLE I11-1 (Continued)

Tep
Nuaber Range
0 to 100
0 to 50
G 0 to 1000
0 to 100
0 to$
0 to 2000
KHP1 0 to 2000
KHP2 0 to 1000
NNbe1 0 to 5000
12 0 to 5000
NN1-3 0 to 5000
NHd 0 te 750
0 to 750
PO1O 0 to 2000
PO10 0 to 50
co3 0 to 1500
Cole 0 to 1500
cole 0 o 50
COlb 0 to 2000
PO?7 0 to 500
POl 0 to 50
PO3 0 to 2500
PO2 0 to 3500
PO1 0 to 100
0 to 100
POle 0 to 100
PO§ 0 to 50
0 to 100
0 to 100
63 0 to 200
TG4 0 to 100
0 to 100
0 to 100
0 teo 100

Olgitel
Da

Systes
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AEDC

PICHIP

NFP-1
NFPP-2

NFpe3

NOP«1
NOPe2
NOP<3

TA-1
TAe2
TA*3
TA=4

TECP= 1P
TPASIS

TFD-Avg
TPDPTA

TFDMOVA

TFDODR

TPI=-1P
TPJI=-2P
TFPBS

TPFPD-1P
TFPD=2P
TFPI=1
m7weI-2
TPRPO

TPRPR

TPRT=-1
TPRT«3
TPTI- 1P
TPTI=4

TPVL

THET= 1P
THETA=1
TRETA-2
TICS=-E
TICS =N

TABLE 111-1 (Continued)

bigital
Tap Data Magnetic Oscillo- Strip Event xX-Y
Paraneter Number Range System Tepo graph Chart Racorder M
Prasaura, paia
Thruat Chamber Fuel 0 to 200 x
Jacket Purga
Speoda, rpm
Fual Pump PrV 0 to 3]o0¢ x x xhe
Fusl Pump PEV 0 to 31000 x
Fual Punmp PFV 0 to 3300C x
Fual Recirculation
Punp * ¢ ot 0 to 15000 x
Oxidizer Pump POV 0 to 12000 x
Oxidizar Pump POV 0 to 12000 x
Oxidizer Pump POV 0 to 12000 x
Oxidizer Racirculation )
Pump ¢ ¢ tt 0 to 15000 x
Temperatures, °r
Taat Cell, North 50 to 000 x
Taat Call, Eaat =30 to BOY H
Tast Call, Soutkh =53 to BOD x
Test Call, Weat =53 to BCO x
Electrical Control NST1a =300 to 200 x
Assembly
Spark Ionit rr =423 to 100 x x
Fuel Injaction
Fire Datection 0 to 1000 x x
rire Detact Pual Turbina 0 to 500 x
Manifold Araa
Fire Detect MNain PFual 0 to 500 x
Valva Area
Pire Datact Main 0 to 500 x
Oxidizar Valva Area
Fize Detact Oxidizer 0 to 500 x
Doma Area
Pire Oetact Tapoff 0 to 500 =
Dact Araa
Foal Inlaction cre2 «425 to =300 x
Fual Injactien Crraa =425 to 100 x ® x
Fual Pump Balance PPT4 =425 to 100 x x
Piaton Sump
Fuel Pump Discharge PFT1 =425 to =900 x x
Fuel Pump Discharga PPT1 «425 to 100 x
Fuel Pusp Inlet KFT2 =425 to =400 x x
Fuel Pump Inlet KPT2a =425 to 100  x" x
Fusl Recirculation Pump
Qutlat * t ¢ =425 to =350 x
Pual Recirculation Pump
Return * t tt =425 to <250 x
Fuel Run Tank =425 to =4C0 x
Fuel Ruo Tank 425 to =400 x
Fusl Turbirs Inlet GGT3 =300 to 1800 x
Fuel Turbine Inlet 300 to 2000 x
Fuel Ropreaaurixation at
Customar Connect Panal 100 to =100 x
PFual Reprcasurization
Nozzla Inlet KHPT1 300 to =100 x
Helium Tank RNT1 =200 to 300 x x
Halium Tank Area -1 0 to 500 x
Helium Tank Araa =2 0 to 500 x
Load Cell Surface Esat =240 to 300 ]
Load Cell Surfaca North =240 to 300 x
Nain Oxidizer Valve
Flanga * t¢t =300 o 100 x x x
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Vajve Telematry
Potantiometar Ezcitation

NOTES:

ttt

Not raquired for J4-1001-1&

Added pratest J4=-103%=17

Bot required for J4-1001+17

Mot raquired for Jd4-'001-18

Requirad for taats J4-1001-16 and 17 only
Rot raquired foxr ~J4-1001-1%

55

Digitsl
AEDC Tap Data Magnetic Osciiio- Strip Event X-¥
_Cods Jaramter Hunber Ranga Systen Tape graph Chart Recorder Plottar
Temperstura, °r
TNOOP=1 Oxidizer Doms Purge at =250 to 200 x
Cuatomsr Conoact Panai
TOIML Oxidizer Idia ¥ode Lins POTS =330 to 100 x
TOY oxidizer Iajection cor1 «32C to 1202 x z x
~IPBC Oxidizar Pamp Bearing POT# =330 to 1959 x x
Cooiant
TOPD-1P Oxidizar Pump Discharge POT3 100 to <250 x
TOPD-2P Oxidizar Pump Otscharga POT3 =300 to 130 x
TOPX~1 Qxidizar Pump Inlet KOT2 «3}D to «250 = x
TOPI-2 oztdizor Punp Inlet XOT2a =310 to 120 x x
TORPD 0zidizar Recirculation Pump
Qutlat * t tt B <309 to -25) z
TORPR Oxidizer Recircuistion Pump
Returoc * t tr «30) to <140 z
TORT-t Oxidizar Run Tank «300 to =245 x
TORT=3 Oxidizer Run Tank =309 to ~285
TOTI-1P Cxicizer Turbine Inlet ar2 0 to 12nC z
TOTC=1P Oxidizar Turbire 7utlat oG 0 to 1000 z
TPIP=1? Instrursntation Packige «300 to 200 x
TPTV l;:.;::gn;?ooung Watar J to 300 x
TSCGA-1 SoildePropeliant Turbino =100 to 300 x
Starter Cond, Gas 1*
TSCGA-2 SolidePropeillant Turbine =109 ta 300 x
Startar Cond, Gas 2 *
TSCGA-)} Solid-Propellant «109 to 100 x
Turbine Starter Cond.
Gas 3 *
TICP Thrust Chanber Purga «250 to 200 x
TICT-T 1 Thruat Chamber Tube (2xit) =425 =20 S00 x
Trer-T1 Thrust Chamber Tuba ~425 to 500 x ®
{Throat)
TICT-T2 Thrast Chambar Tube =425 to 500 x
{=rroat)
TTMS=1 Tapoff Vajive t 0 to 2000 x x x
PTMS=2 Tapoff Valva <+ ¢ te 2000 x x x
Paak Vibraticns, g
UFPR Fusl Ponp Radial 450 peak L]
UPTR Fuei Turbine Radiai * 450 peak x
UOPR Oxidizar Pxnp Radiai PZA=2 100 peak x
uTCD=1 Thrust Cahanbor Damo FZA=ta 1490 peak x x
LTCD=2 Thrust Chanber Dame PZA-2 1408 peak z x
txcp-3 Thraat Cnamber Joma FIA-) 300 peak  § x
Voltag volts
vCB Control Bus 0 to 36 x
viB Ignition Sus 0 to 36 x
VIDA-1 Ignition Datect Axpiifier 9 to 16 x
VIDA=2 Ignition Datoct Ampiifier 9 20 16 x
VPLVEP Propollant Utilization 0 to S x
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TABLE 1l1-1 (Concluded)

AEDC Tap Data Magnetio Oscillos Strip Event X=¥
Code Parspater Numbar Range Systen Tape graph Chart Regorder Plotter
Surzent, sp
1ce Control 0 o 30 x
11c Ignition ' . 030 x
Event

EASIS=1 Aupmented Spark Igniter onjoft ]
Spark -1

EZASIS=2 Augmented Spark Ignitzr . Onjofe x
Spark =2

EECL Engine Cutoff Lockin ' on/oft x x x

ERCO Engise Cutoff Bigmai om /oLt x x x

EEZR Engine Ready Signal on/off x

EES Engine Start Command on/ott x 1 3 x

EEBCO Prograsmed Durstion Cutoff on/otf x

EPPCO Fuei Pump Overspsed on/ote x
Cutoff ,

EFPVC Fusl Prevaive Ciosed Liait Onfoff x x

EFPVO Fusl Pravalve Open Limit on/off x x

g ] Fire Switch *¢ on/off x

EPUA Exploding Bridgevire on/joft x
Firing Unita Armed

EHCS Haiium Contzol Bolenoid on/joft H x » x
Energiasd .

EBHGTC Hot Gaa Tapoff Valve on/off x
Closed Linit

ERGTO Hot Gaa Tapoff Valve onjofe x
Opsn Linit

EID Ignition Detected on/off x x z

EIDA=1 Ignition Deteact Amplifier On /OLf x
=1

RIDA-2 Ignition Datect Aapiifier on/otf x
-1

RINCS ldla=Mode Control Boleneoic on/0ff x x x
Enecgised

EINVC 1dle=Mode Valve Clossd on/otf . x
Limit

EINVO 1dlea=-Mode Veivae Open Limit On/off x

ENCL Main-Stage Cutoff Lockin on/otf x x x

EMCO Main=Stage Cutof! Signai on/oft ] x

ENCE Main-Stage Contrel Solenoid omjoff z x x
Enzrgized

-1 Main-Stagx "*OK*’ onjofe z x x
Deprxaauriased =1

EMd-2 Main-Staga *‘OK’* on/oft x z x
Depresaurised =2

EMPVC Main Fusl Velve Clossd on/fofe x
Limit

ENFVO Main Fuel Vxzlve Open Linit on /oLt x

EMOVC Main Oxidizer vzlive Cloased On/off x
Linmit

ENOVO Main Oxidiasr Veive Open on/otf x
Cimit

MP-1 Hain-Stage "*OK*’ on/oft x . x
Preasurized -1

EMPe2 Main-Stage *°OK*’ on/ofe x x
Pressurized =2

EMPCO Main-Stage Preaaurs onjate x
curoff Signai

ENS Main-Stage Start Signal On/off x

miSCo Main-Stage Programmed on/oLf x
Duretion Cutoff

EMsS Main-Stage Etart on/oft x x x x

Solanold Energized
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a. General Arrangement
Fig. 111-1 Selected Sensor Locations

1SZ-04-"41-0Q3V



8S

TFPBS
(PFT4)

B e
0000

PFPD-IL
PFPD-1P j

b. Fuel Turbopump Sensor Locations
Fig. 111-1 Continued
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Cc cc
¢ < :
| AP UFPR
V4 ‘ T ¢ A g (PZA1)
- T — 13
& —=—=  (PFF)
d g PFPD-1P
PFASIJ '"‘*&J e
prasi-L — (9N n \ )
(CF4) : o — ;
7 4o
i
i
|
|
i
= i;
TFPD-1P ~ L
pp-2p — 10
(PFT1) i

c. Fuel System Sensor Locations
Fig. 111-1 Continued
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POPD-1L

POPD-2

d. Oxidizer Turbopump Sensor Locations
Fig. 111-1 Continued

POTI-1P
(TG3)

TOTI-1P
(TGT3)

162-04-441-003V
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Fig. 111-1 Continued

e. Oxidizer System Sensor Locations

S (M)
O
LOVT
ol € POPD-1P
W ‘\pos)
© / ¢
Q0-18&3
(POF)
Q0-2
(POFA) . 5
TOPD-1P 3 S POIML
TOPD-2P  ,57 <Ll ~POIML-L
(POT3) Ly 6‘ ‘l | (PO10)
LIMT [ \ \-TOIML
In! | (POT5)
lo!
¢
\-\‘E‘\\ ’ @ Y/
’Q -

192-04-44-203V
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r~ ~UTCD-3
e 1L (rza3)
{
\ " TOJ
) (COT1)
’ |
UTCD-1
(FzA1)’
rd
\
\
\
\
POASIJ )
(103) "\\
/}’
POJ-2L —A-E—\ A
DIEEANNE NN f\_ 9
(CO34) \:\_) o 2
Winia Cim e - - -~ =

-— — e —

f. Thrust Chamber Injector Sensor Locations
Fig. 111-1 Continued
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PFJ-1
Pol-1——yf /N PEL-IL
(CO3 CF2
PC-1P \ifh_// PC-2P
S o : _ PC-2PL

TFJ-2P (CG1A-1)
(CFT2a)
TFT1-4
(GG2a) o
PIM ——€
(GG2b)
™ PFBM
(GGT2) (CF3)
0] UTCT-2
7 \
TFJ-1P
(CFT2)
TIMS-1—K< -
= - 1
C ° )

UTCT-1——d ]

\

g. Thrust Chamber Sensor Locations
Fig. 111-1 Continued
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Tube 494 —
URBINE EXHAU
MANIFOLD7
UPPER? \
C) ATBAN
l-'iatbands-— 1 K2 3X4)Xs5Y6Y7)Xe FUEL X!
Exit Plane— PUMP b UM
HE
TANK
Tube 314—

View Looking Downstream

h. Thrust Chamber Sensor Locations
Fig. 11}-1 Continued

TICT-£1

—Tube 134

TICT-T1 and T2

1§2-04-41-0Q3V
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\ oy

POTO-1P
(TG4)

i. Turbine Exhaust Systems Sensor Locations
Fig. 11-1 Continued
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PCSPTS-2

(PTS-2)

PCSPTS-1

(PTS-1)

PCSPTS-3
(PTS-3)

Side View e

j- Solid-Propellant Turbine Starter Sensor Locations
Fig. 111-1 Continued
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TSCGA-3
\.\ TSCGA-].
e > -._'-. '= - 'E.L- .

k. Solid-Propellant Turbine Starter Conditioning System Sensor Locations
Fig. |11-1 Continued

192-04-4.1-203Vv



AEDC-TR-70-251

View Looking
Downstream

Thrust Chamber Exit

Oxidizer Pump
Inlet

——Helium
Tank

—— Fuel Pump Inlet

FSY-1

Note: Compression Forces - Positive
Tension Forces - Negative

I. Side Load Forces Sensor Locations
Fig. 111-1 Continued
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m. Pneumatic Control Package Sensor Locations
Fig. 1111 Continued
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PHET-1P
(NN1-1)

PHET-2P
(NN1-2)

PHET-3
(NN1-3)

n. Helium Tank Sensor Locations
Fig. 111-1 Continued
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To Vent

S-1VB Battleship
Stage

PFVI

TFVL

PFVL

S——( /==

PNODP-1

TNODP-I/ 0 :‘
TICP '

PTCFJP

0. Customer Connect Panel Sensor Locations
Fig. 111-1 Continued

182-0£-H1-003V



AEDC-TR-70-251

1'1 _M_ ‘, j
_\\ 2 l ]
' —1

TLCS- TLCS-E
\—TFD-Avg
TA4 TAL Zmz

TA3

—

W

Helium
/—\ Tank
Oxidizer /\

Instrumentation
Cable Tray

p. Tast Cell Ambient Temperature Sensor Locations
Fig. 11l-1 Continued
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ff Fuel Tank - LHy
Il
/——Fuel Tank Instrumentation
TFRPR /" pron
i
PFRPR i
PFRP /
TFRP((J) -'L' il
Fuel Chllldown S
> M;Qty 7 Iaegie.
“RP" '4 ’ .-.‘. ."I" \.::.\‘\\
:7-: ’ .“\-.- -;' \\":'\ R
% ah
%, R
d*‘-TFRT | Oxldlzer Tank - LO A
NFRP-{[— : v 2 I
Fuel Chilldown I 7 L0, Tank Instrumentation i
Return Ling — Probe——=7 ™, t
.‘:’ Y 3
.‘? .-::-‘:.
7 LOz Chilldown
s . Motor
t&zeﬁ" & Drain 5 ’/'—TORT'B \HK : \
Main Fuel gy TRTL [f'"“ il
Li ne e i --'—'NDR P
PORPO
| } Tg;n TORPO
FPI-1,2. & : LO7 Chilidown Return
TFPi-1&2 Line Li?ize
POPI-1,2, 83 QORP
| TOPI-1&2

g. S-1VB Battleship Sensor Locations

Fig. I11-1 Concluded
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APPENDIX IV
FIRING SUMMARY

Firing J4-1001-16A

Firing 16A was an 81.5sec idle-mode firing. The objective of this firing was to
determine engine operating characteristics at various pump inlet pressures; of particular
interest was operation at the higher oxidizer/fuel mixture ratios. The scheduled 200-sec
firing was terminated prematurely because of thrust chamber external throat temperatures
in excess of existing redline limits (200°F). The oxidizer idle-mode line orifice size was
reduced for subsequent test periods.

Firing J4-1001-17A

Firing 17A was a 1.0/59.7-sec idle-mode/main-stage throttle firing. The objective of
this firing was to determine engine operating characteristics at throttled conditions
(utilizing a variable position hot gas tapoff valve) with an open propellant utilization
valve. The firing was conducted for programmed duration. All engine parameters
indicated highly satisfactory operating characteristics.

Firing J4-1001-17B

Firing 17B was a 1.0/60.0-sec idle-mode/main-stage throttle firing. The objective of
this firing was to determine engine operating characteristics with a null propellant
utilization valve. Little steady-state data were obtained at throttled conditions because of
problems experienced by the tapoff valve control operator in setting specified condition.
Apparently, hydraulic fluid used for tapoff valve stop control became chilled, affecting
system response. Engine response was excellent, however, to all changes in tapoff valve
position changes.

Firing J4-1001-17C

Firing 17C was scheduled to be a throttle firing, but was later changed to an
idle-mode test in the control room after the tapoff valve would not respond to
commands (this was later attributed to hydraulic fluid in the control system being chilled
below fluid pour point (-30°F); this was resolved for subsequent tests by shielding the
hydraulic supply line from cold gases used to condition engine components). Objectives
of the idle-mode firing were identical to those of firing 16A, but with a reduced size
oxidizer idle-mode line orifice. The initial 40 sec of operation was successfully conducted
at conditions that resulted in premature termination during 16A. The firing was
terminated prematurely, however, after 69.6 sec, when inadvertent operation of a facility
component caused hot exhaust gas to recirculate into the test cell, resulting in excessive
thrust chamber temperatures.

Firing J4-1001-18A

Firing 18A was a 1.0/60.1-sec idle-mode/main-stage throttle firing with a closed
propellant utilization valve. The objective was to further evaluate engine operating
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characteristics, especialy fuel pump performance, after throttling to within a 200- to
500-gpm margin from the fuel pump 65-percent efficiency maximum head line. All
objectives were met; engine operation was satisfactory.

Firing J4-1001-18B

Firing 18B was a 1.0/60.2-sec idle-mode/main-stage throttle firing with a null
propellant utilization valve. Objectives were identical to those of 18A, except for
propellant utilization valve position. Objectives were met; engine operation was
satisfactory.

Firing J4-1001-19A

Firing 19A was a 1.0/2.0-sec idle-mode/main-stage transition firing. The objectives of
this firing (a scheduled 35-sec firing) were to further document engine throttled operation
as well as to evaluate engine transient operation after propellant conditioning and
prechilling the engine pumps with the S-IVB stage propellant recirculation system.
Premature termination occurred when the augmented spark igniter ignition detect signal
was not initiated as required by facility logic; test objectives were not attained. The
recirculation pumps did not function properly and were not used as planned. Bleed valve
installation apparently reduced transient oxidizer/fuel mixture ratio in the augmented
spark igniter chamber and lowered combustion temperature (ignition is indicated by a
heat-sensitive element in the augmented spark igniter chamber).

Firing J4-1001-19B

Firing 19B was a 202.4-sec idle-mode firing. The objective was to demonstrate
satisfactory engine operation at several combinations of fuel/oxidizer pump inlet pressure
conditions. Engine operation was completely satisfactory with’ no excessive thrust
chamber throat temperature at the higher oxidizer/fuel mixture ratios.

Firing J4-1001-19C

Firing 19C was a 6.9/28.1-sec idle-mode/main-stage throttle firing. Objectives were
identical to firing 19A which was not satisfactorily completed. The engine was throttled
to within 200- to 500-gpm margin of the 65-percent efficiency maximum head line;
propellant utilization valve was in the open position. The firing was automatically
terminated about 5 sec early when fuel flow approached 2500 gpm, as indicated by the
Rocketdyne-supplied stall approach monitor. The 2500-gpm level was established as lower
cutoff limit.

Firing J4-1001-20A

Firing 20A was a 1.0/29.5/11.1-sec idle-mode/main-stage/post-main-stage idle-mode
firing. The objectives were to (1) evaluate the S-IVB stage recirculation system
effectiveness in prefire temperature conditioning of propellants and pumps, (2) determine
main-stage performance and evaluate ‘post-main-stage idle-mode operation. The firing was
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satisfactorily completed as programmed. The S-IVB stage recirculation system was utilized
effectively in conditioning propellants at the pump inlets. Main-stage performance was
consistent with that realized on pretest 1001-16 main-stage firings.

Firing J4-1001-20B

Firing 20B was a scheduled main-stage throttle firing. However, the firing was
prematurely terminated after 1.0 sec when the augmented spark igniter ignition detect
signal was not initiated as required by facility logic. The firing was subsequently
successfully conducted.

Firing J4-1001-20C

Firing 20C was a second attempt to conduct a main-stage throttle firing. However,
after 9.2/3.2 sec of idle-mode/main-stage transition, the propellant utilization valve was
inadvertently prematurely closed and the test terminated. Engine transition operation was
satisfactory after prefire conditioning propellants with the S-IVB stage recirculation
system.

Firing J4-1001-20D

Firing 20D was a 6.3/50.5-sec idle-mode/main-stage throttle firing. The objective was
to determine engine operating characteristics after throttling to a chamber pressure of
250 psia (minimum throttle setting of the test program) with a closed propellant
utilization valve; actual chamber pressure after throttling was 205 psia, 16-percent rated
thrust. Engine operation appeared very satisfactory at this low thrust level. The S-IVB
stage propellant recirculation system was utilized successfully to prefire condition
propellants at the pump inlets.

Firing J4-100-20E
Firing 20E was a 102.2sec idle-mode firing. The objective was to evaluate engine
and pump performance at reduced fuel and oxidizer pump inlet pressures. The test was in

support of Interim 21 Program, proposed use of the Saturn V, S-II Stage as a space
station.
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APPENDIX V
POWER SPECTRAL DENSITY WAVE ANALYSIS

The characteristics of a time-history signal can be described as being random,
periodic, or a combination of random and periodic. These characteristics can best be
understood if represented by some measure of the spectral characteristics for the mgnal
The spectral characteristics for any signal may be displayed as an amplitude versus
frequency plot, called a frequency spectrum. The frequency spectrum for a periodic
signal consists of discrete amplitude components at specific frequencies having a common
multiple. The frequency spectrum for a random signal is continuous with response
amplitudes possible in any frequency interval but with no discrete components at any
specific frequency. Therefore, the frequency spectrum for a random signal must be
presented in terms of a continuous spectral density versus frequency plot.

The most meaningful spectral density function is a density function measured in
terms of mean-square values per unit frequency. Such a function is called a power
spectral density function. The frequency spectrum produced by plotting a power spectral
density function versus frequency is called a power spectrum.

The power spectral density is mathematically defined as:

Gy (O = -IJLTo JlfTo (Af)T

|:f var (f, 1) dt] 4))

where y2, ¢(f, t) is the squared instantaneous amplitude of the signal within the narrow
frequency interval from f Hz to f + Af Hz.

The electronic equipment processes necessary to produce the exact mathematical
operations required for the power spectral density equation are not possible since
infinitely long averaging times (T) and infinitesimally narrow frequency intervals (Af) are
physically impossible to obtain. A power spectral density function for a stationary
random signal y(t) may be approximated as:

A T - 2
Gy ® = 57 { G Da=2E2 @)

where yp (f) is the mean-square value of the signal within a narrow frequency of f Hz,
and T is a finite averaging time in seconds. Equation (2) is mechanized by the wave
analyzer as shown in Fig. V-1.

The approximations made in Eq. (2), although inherent in a practical measurement
system, introduce a measurement uncertainty or statistical variance. This uncertainty can
be predicted to a 67-percent confidence level by the formula:

€ = (3)
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where € is the standard error,
B is the effective filter bandwidth,
T is the integration time = 4K,

and K is the RC time constant of the
averaging circuit,.

For the data analyzed with a 10-Hz bandwidth and an RC time constant of 1 sec,
the standard error is:

1
€ = ——— = (.158 = 15.8 percent
V{(10) (4) (1)

This would produce a power spectral density plot with 67 percent of the points falling
within 15.8 percent of the true value.

- At this point, it is obvious that a tradeoff must be made when determining data
reduction requirements. A large averaging time, T, would tend to allow a smaller error.
However, the larger T is made, the longer is the time necessary to produce a single plot.
Again, the larger B is made, the smaller €. becomes. This, however, leads to problems in
frequency resolution. Also, since in the power spectral density plot one must divide by
bandwidth, a large bandwidth reduces the signal peaks while increasing the width of the
pulse. If care is not taken, the data could be overlocked entirely.

Power spectral density analyses presented in this report were made with varying

bandwidth filters. The values of these filters and the associated standard error are
summarized below:

Bandwidth, Hz Standard Error, percent Frequency Range, Hz

S 224 5-500
50 7.1 500-10,000
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